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P R 1l A C E,

TIechnology Incorporated prepared this first volume of a
five-volume report to document the simulation logic for the Struc-
tural Area Inspoetion Frequency Evaluation (SAIPT) in accordance
with Article 11, paragraph B of Contract DOT-FA74'WA-3493. (Volume
I along with Volume 11 completes the requirements of Phases I and
11 of the contract.) The effort is sponsored by tho Aircraft
Safety and Noise Abatement Division, Systems Research and Devel-
opmlent Service of the Federal Aviation Administration.

The pr inc ~pal Technology Incorporated personnel eniagged on
this program were Mr. Carter J. Dinkeloc, proj ect engineer, who
served as principal investigator; Mr. Mart in S. Moran , rosca~rcli
engineer, who developed the model for the SAIPIT computer programl;
and Mr. Ronald 1. Rockafellow, program manager.

The contract monitors for the FAA were Messrs. Herbert
Spicer and Charles Troha of the Airc-raft Safety and Noise Abate-
Pmcnt Division. The technical monitor was Mr. Arnold Ei. Ander-
j aska of' the Flight Standards Divis ion.
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I. I NL'RO1)UCTI ON

Itd is t muua goal. of- the FAA, alir rameo11. j~j mauaturerIS
andaircarriers to constant ly improvo tho struc tural1 i ntegr it:y

and inspect ion c ff icientcy of' civil a ircraift. T[he good safetyI: record of' 11.S. air' carrijers indicates that the Current p~roCess of
es tabl ishinog and modi~fy ing structural inospec tion programs has been
SUCCessu.SCI However, with the increas ing si z, and Compl exity' of'
second - and th irid -go no iation transport airmI hr .sane
to Cuaii t i y 111o- ye p rociso LY the piros on t SUbiCC t.i V C Va 10:1 Iti on
process; which reieo s heavily Oin re Liab~i i ty anialyses Of the new~
dos i gi anMd Onl ope0rational; eXpo r 10CC lie0f si III ii a r a i rcrI a Ft.

B~ecaus e of' the extreme complexity ci I tile coVi u~it10io p roccs05

aI comlpluter. shilti at ion of ,III critical. a i I.cre; 1ft s;c2i'v i ce lifec as

cess more exactlI>. As aI f'i.ve- volUI n 1dcumenI1t , tliS i.s prt 1 rc-
"son t's the resultan1t St rue tor al Area Ios pect ion F requenacy I~valuon-
t ion (SAI\ IT i smulIat ion, logic. SA I FT ac~counts 1:;ro the fol 1owin1g,
fac tors: L ;I) i i'crafIt dos ign ana lysis; (2) componeit. a nd ful1 1-
scale0 f atigue testing; (3) product ion1, surv 'i.Lcc, and corrasion de-
fec ts ; (4) probability of crack or corrosion detection; and (5)
a ireýraft mod ifica tion econlomlics . It treats these. factors inl a
logical sequence that real i.s tica I ly represents the procedure cur-
rently used to es tabl ish and mod i fy i nspect~ion intervals. SA I FE
is designied to provide a repeatable method for evaluating pro-
po sed inspectVion programs . However , i t is not intended to suipplant
the Maintenance, Rev~iew Board or the air carrier use of the Stan-
darti Operati'oris Specificcrtion - Airncraft Wkintenance. '

ln addition to presenting the SAIFTE logic, this report docu-
ments the research conducted to establish the, quaniti tat lye fulc -
tions required for decision logi~c in the simulation. Some of the
documentation for those functions, such as fatigue. life scatter,
are, taken from work conducted in other studies-. O ther funlC t ions,
such as the probability of defect detection, are the re-sult of
work conducted as part of this contract. Whatever the source,
all analytical information is refer~enced thro)ughoult the report.

Subsequent to the initial demons trationi, the mode I and
demonstration input was refinmed in a joint effort by Teclinology
Incorporated and the FAA. '[he revised input and modeol i's do -
fined in appendices to Volumes III and IV respectively>'. TVhe
demonstration was rerun with the revised model and 1i Iput bV
the FAA and th10 results reIC g~iven inl an appendl(IX to Vo1l one0 V.

Figure 1 illustrates the data Sources and analyticl func-
tions that are integrated into the. SA IIT logic. As Volume I
t h is volume p resents, the basic me tlod and p.rocedure use-d to do-
termine the analytical. functions a11d to develop) the logizc. requlIire'Cd
for conlstructinlg the simula1.1tionl and pl ranoCtniC cS tudy logic.



Volume 11 presents the detailed simulation logic incorporated
in SAIFE and all the background data required for the analytical
functions and duc.is1oi0-making processes. It also inc udes the
data required for a typical simulat ion program.

Volume I1[ prosent s data tabulations do erived f ru01 stud ies to
determine historical trends . Conducted as part of this contract,
these studies incluLded processing Mechanical Reliabil.ity Reports
over a 10-year period and conducting a survey of the experience I
of air carrier maintenance inspectors. [his volumeo also contains
the dos ,ign inptut data requireOd for a SAIVI't demoiistration prohlbem
and paramotric study.

Volunine IV is the user 's inanual for the ';A I:E compttter pro-"gram. It inclhdes sot[tware logic flow diagrams for each routine

and event. ii1 the p rT, rain deve 1 oped dtIr i ng the in i Ii a1 con t ract fi -
fort plus S01s1c , ul raillcti c studI es aid aIso ilIC IULc.; aI
source listinjg of tile py ,g, raa; Wlhich is WYril ten ill the Coililllci"
langukage SIMSCR I '1 I .1 S .

Vol0tune1 V suinm1ari zes and evaluiates the results of a dem1on--
strat ion computer run conducted on a typical, hut hypothoetical1wide-body aircraft. This volume discusses revisions to the

program logic as well as the demonstration and parainetri c study
output.

S... .. I " NpOBABLITY i ISPECIFIC

PROBABILITY I AIRCRAFTO DEFEC DESIGN

I"AIRLINE. I , DATA lot
INSPECTION/MAINTENANCE/

FAILURE DATA

"REDUCTION DESIGNS BREAKDOWN IB H.AZARD STRENGTHS/ INTO
SURVEY TYPE FATIGUE LIVES STRUCTURAL

INSPECTIONS 
-

PROBABILI'IYY.. . .

HYPOTESIOED

MAINTENANCE

O TEL I PROGRAMS
PRO BSM AI SIMULATION

DATA STRENGTH/IC
F AFATIGUE

LIFE

-INIT. INSP. FREQ.
I -- RULES FOR CHANGINGHISTORICAL PROBABILITY INSP. FREQ.FLIGHT OF -' -RULE'S FOR'MObSDATA OVERLOAD I -- SCHED FOR TEST ANDSSIMU LA I•N --. -- PRODUCTION

HISTOR CA -- J
FAA & I;L1ý

POLICY REPAIFIS I'
INSP. PROG.• TESTING RESULTS':

Figure 1. Approach to SAII'E Simulation Proble 1,
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II. SIMULATIO0N 0G-13E'(l'IVP.S

1I S A II'I APij I i ca t ion1S

heprimlary object ive of tile SA III pio JVt was to du.ve to a.01
pro0gramll for evaluatinlg inll~ect ion inlter~vaIs.- S in1ce this deVClop)-
merit was a fi rst attempt to simlal~te thle evalulat ion process, it
w~as also intended to develop a program withi su~fficient fl1ex ibil -

ity to per-mi-t its applicat ion to rolated studies, suchi as thef-
elioct. 0o mater ial selectionl onl a i rera t so fetv, anld tile relative

Cost of re1pair i rg or' modifying an airframe structure.

[heC p)r imar Ioh j cc. t lye e va 1 (nalt i ng in11spec t i onI i lit cI-Va I s , canil
he accowp is.i sed by two d if fur ct app ro ac ies . 1: i 1-, t , s ince S-AllI F
automatically Inc reases or decreases, inspect ion intervals, a pro-
poSedI set 0of intervals, a10ong withi the desired increase or' decrease,
per-centages, Canl be specifieCd. Thle simfulation output will he a
series of altered intervals thiat will successively inicrease or
docroa se deopendinig Onl tlie0 nuinbe r and criticaljity of' thle defects
genera ted dar1-ingP the S inu aI t L0on. Steadily inicreasing or decreas-
ing interval-s probably nd icate that the i o-i t al. intervals shiould.
be r e- examined anld r cvi sod p~rior to being i nip 1 cient ed . Constantl.y
fluctuating intervals may indicate a proper choice of in i.tijal inl-
tervats , a] thoughi a chiange-by-chanige anal ys-is of tile results is
undoubtedA~kly in order.

The secon-d ap-proaV - itovo~lve s speci .fying a1 zero increa'se Or
decrease percentage and making para1lcel simulation runs withi two
Or More Sets of" inspection inltervalsý. Specifying a zero percenl-

tge chne-l )event automatic interval changes and conse-

q~uently permit ,I comparison of thle number of defects occurring as
a rosi~lt o: eachi sot of intervals. A variation of this approach1
Would he to maintain one set of Inspection intervals, but to
change the lowest interval that appl ics to anl area to he inspected.
For inistanmce, certa in accessibleo portions of the wing, interior
might be moved from the C interval to thie 13 interval. Theo ef fcts
of tbils chanige could be evaluated ýf~tor making parallel simaul ation
runs arid compar ing thle nu1.mber of result ing defects.

The input and output formats of the s imnu tat ion permit eval -

uating inspect ion intervals and othier variables onl problems of
varying size. Volume V of this report presents anl evaluation
of a demonstration which encomp~assed an enti re wide -body a ircra ft.
An evaluation of this extent is ,iost likely to Ine made during thle
certification process for a now aircraft mi-odel, suchi as thle B3-747.

:vaILuat ions of simmlieu scope may be made wheni only a disc rete
portion of an aircraft hias been modified, thec DC-9 fuselago~ stretchl
for example. In such an evaluation, thec simulation may include
only the fuselage withi the unmod I ied por'tions of the a i cra ft
d isrega ided.

3
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Simulation runs may also be conducted on individual comnpo-
nents only. In such runs one or two problem areas on the wi ng,
for instance, may be evaluatedl, and have their i nspecti on inter-
val Is reduced Wh i IV, l~eav ing those' for thle Ctof' thle wing thle,
same as before.

Becaus5 Of' thle flexibility of thle simulation program, pri
marl ly in thle area of' -input parameters ,several di fferent stages
in an aircraft's life cycle may he eValua1,ted. Mni~ring the i nit ial
design stage thle ef fct o'A ma1"terial selection canl he ovaluarted by
conducting compa r11at i ye Si miuk1t ion runs w ith var ious fat i giic
Lives, crack growth ra.tes, and Corrosion res istance ratings.
Thiiis typle of design evaluant:ion ~.nalso he Conducted whenl ild ud
viadun I components are being mokd i leIrr'dsIg

Coaýt eaVaII~t ionsv can he conducted wi th SANTli when- a repa i r
or moidi f!cat ion dec is ion i s requij rod s ince the s,-inu la t~ion l ogic
compares thele 1- t i me cost. of mod if ica ti on With the recpea ted cos-t
of rolpa i.r and~ possibly I.ncr'eased inspect ion cost~s .4

2.SAIFEI OutpuLt

For each c I men t slimulIate ~l, SA I P generia tes thle numb 11er o f
defocts -cracks, corrosion, service damage, and production
damage -that occur during thle service life of' the aircraft.
E~xc ept for produtct ioCn d'alina g, the an i liIi mum , maimum IL11, and aIve rage
flight h1ours ait which the defects occur are also presented.
Since production damiage does not depend on flight time, only the
numfber of occurrences is presented.

The s imlttl ation output also iin-7ludos the number of crack.-s and
corroded areas detected. These numbers permit making a compar-
ison be'-ween the defects which oc~curred and those which were, do-
tected. T-1 the two do not agree, cltictho multiple defects were,
present in an ci emont and all were repaired when one was detected
or defects were not detected before the aircraft was- retired.
The miiinimlum, mnaximum, and average size~s of the defects-, along
with the numbller of defects deter te4, are pre.-ented Cor each
inspection l evel.I

The output for individuial elements, aIS exempl~i fed ill hlabIes
1. and 3, presents tho initial set of inspection intervals; which
is Input, in formati on and each subIs quen01t. change to the C and P
intervals made by the SAIFE logic.

The output for individual elements also contains flight hour
and aircraft identifi cation information whenever the residulll
ztrength equaled the fail-safe strength, often referred to as
fail-safe damage. Flight hour and aircraft identi fication Inofor-
mnation is also presented for each element that had a struLcturlll.
fa ilIure.

t 4
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The simulation output for individual elements is summarizedby element to provide pertinent information in less voluminousform. Tables 2 and 4, examples of this output form, summarize
the defects that occurred and those that were detected for an
clement type.

The output also contains information on inspection intervals,
but instead of listing each change in the interval, it presents
only the initial, shortest, and largest intervals that occurred
on any one of the individuial elements.

The output for fail-safe damage and structural failure is a
list of all instances when these events occurred on any clement
of a particular element type. Again flight hour and aircraft
identification information are included, and the clement station
number has been added to identify the specific element.

The SAITE; output provides information that will assist qual-
ified FAA personnel in making decisions on a proposed inspection
p lan by showing the results of that plan in terms of the number,
extent, flight hours, and criticality of the defects that prob-
ably will occur if the plan is implemented.

6
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II1 APPROACH TO THlE SIMULATION PROBLEM1

1 . Background

Structural inspection and maintenance programs account for a
significant portion of the operating cost of a commerci.al trans-
port aircraft. Initially the inspection program for a part icular
aircraft type is developed by the Maintenance Review Board (MRB)
during the certification process. Subsequently, as fleet experi -
ence is gained, the inspection program i. modified after a Stan-

Sdard Operating Specification - Aircraft Maintenance has boon sulb-
mitted by the air carrier and approved by the Federal Aviation
Administration. The resulting inspection programi i.s based on
suubjective analyses that account for historic ( l experie(ce oi
previous aircraft types, experience on the presct aircraft., ;aId
design data on the present aircraft. The success of thuis procedure
is evidenced by the excellent safety record of U.S. air carriers.

lHowever, with the pressure on air carriers to continue to
operate on a profitable basis and the continued responsilbility of
the FAA to improve air transport safety, the inspection intervals
for primary aircraft structures must be determined on a more ob-
jective basis. In response to this need, the FAA Initiated the
SAIFIE (Structural Area Inspection Frequency Evaluation) project.
The objective of this project was to assemble all the logic cur-
rently used to establish inspection frequencies into a single
simulation program that would be capable of investigating the
interactions between the primary aircraft service lif.e factors:
ultimate strength, fatigue life, flight loads, product ion and
service damage, corrosion, probability of defect detection, and
modification economics. The simulation would then permit deter-
mining the effect of changing an economic parameter, .such as
ioaspection interval, on the overall safety of the air'craft fleet.
The judgment of what could be an acceptable level of' a i.rcralft
safety, of course, still rests with the FAA.

Since this approach differs significantly froiii those ctrr-
rently used to evaluate inspection intervals, it was felt that a
.high degree of flexibility was required. The primary provisions
for this flexibility are the means for defining the 1.1.c chairac-
teristics of each element from input data instead of C "from pre-
determined program constants and the means for ovaluatting an
entire aircraft, a large segment of an aircraft, or an individual
element.

Because of the complexity of the logic involved in determin-
ing the inspection program for a commercial aircraft fleet, it is
not possible t.o develop one or even a set of determinist.ic equa-
tions. Therefore, SAIFE uses a series of probabilisti.c distri-
butions and deterministic equations to simulate a logic sequence
that considers all the subjective elements currently considered
in arriving at an inspection program. Based on the logi.c devel-
oped by Anderiaska in Reference 1, the simulation i-s intended to

8
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handle large aircraft fleets by detcrmining the ouLeome of proba-
bilistic events for individual aircraft from a random number al-
gorithm. This procedure is commonly referred to as a Monte Carlo
technique.

2. Computer Simulation Language

'ile complexity and magnitude of the proposed project re-quires us ing the most efficient technique- available. The com-

puter simulat i.on language SINlSCRIl1T' ii. 5 () is ideal iy sui ted to
this project since it: is designed to handle simulations whore
hundreds of events are happen i ng concurrently and in a chrono-
log:ical . sequence such as in the SAII¢E application.

S INSCRIIT is al.so a des1irable computer languwmge [r1'0om the
user' s Viewpo it since its free-form lngiish format. makes it easy
to interpret the source program and it reduces the coding and de-
bugging effort. In addition, SINISCRIPT provides system functions
to generate the random numbers required in SAIF1'.

The SAIlFF computer program has been written to operate o0n
both the 113M 360/65 and CDC 6600 computers equipped with a
SIMSCR IPT 1[.5 compil.er.

3. Monte Carlo Method

When a system to be simulated is so complex that its opera-
tion cannot initially be analytically expressed, whether deter-
ministically or ,)robabilistically, gaming techniques are used to
simulate the sys em systematically. Frequently the simulation is
divided into parts, each described by a frequency distribution or
an algebraic formula. IEnttirely numerical , the calculation pro-
cess consists of supplying numbers to the system and of obtaining
resultant numbers from it. Often the numbers supplied are random
numbers obtained from a published table, dice, computer, or any
device uniformly producing random numbers such as a roulette
wheel; hence the name Monte Carlo for such a device and the
corresponding method. These numbers are fed into the system as
cumulative probabilities such as a fatigue life distribution. A
Monte Carlo treatment of a problem permits testing statistically
the sensitivity of the result and isolating the influence of a
single parameter. To aid in the modeling of statistical phenom-
ena, the computer simulation language SIMSCRIPT 11.5 provides
eleven system functions for generating independent, pseudo-random
samples from commonly encountered statistical distributions.

The samples are considered to be pseudo-random because they
are determined from an algorithm that is ropeýitable. Therefore,
the algorithm is technically not a pure random number.

In the simulation each of these functions has as its argu-
ments (1) the parameters that describe the distribution and (2) a
random number stream index. Each time one of the functions is

9
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called, a random number is generated from the indicated stream, and
an appropriate transformation is made to convert the number to t he
correct sampling distribution. If the statistical distribution of
interest is not available, it can easily be generated from the
uniform distribution. In principle, all that is required is to
equate the two cumulative distributions:

x RN
f f(x) dx f 1 • d(RN) (1)
0 0

a nd

F(x) RN (2)

where RN = a random number drawn from a uniform distribution

F(x) "-desired cumulative distribution of the random.,
variable xI

Thus, if the inverse function of F(x) can be determined, the do-

sired distribution of random numbers is readily available:

x F'- F(x) F'I(RN) (3)

However, for functions whose inverse cannot be analytically de-
termined, approximation techniques can be used to generate the
desired distribution of random numbers.

4. Probability Model

The SAIFE simulation logic is based on dividing the primary
aircraft structure into basic elements, such as wing spar and fuse-
lage frame, and then determining the time to crack and/or corro-
sion initiation for each element. The logic then projects the
time to failure of the element considering the effects of such
random environmental phenomena as flight loads, and production
and service damage. As discussed in Section 111.3, the straight-
forward application of the Monte Carlo method generates these
times when the probability density function of the times to fail-
ure is known. However, since this function is seldom known, the,
Monte Carlo method may be modified if the hazard rate, X(t), for
the random environmental phenomena can be determined.

The following discussion treats the situation where a struc-
ture has a fatigue crack initiation at time t = 0 and the objective
is to know the probability of failure before time t. If the struc- A
ture has not failed up to time t, then the probability of failure
in the time interval between t and t + dt may be expressed in
probability theory as

10
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F(t + dtlt > t) -F(t + dtF t(4)- 1 -(4

where F(t + dtjt > t) probability of failure before time t + dt,
assuming nonfailure before time t

F(t + dt) = probability of failure before time t + dt

F(t) = probability of failure before time t

I - F (t) = probability of nontfailure before time t

Dividing and 1u11 tiplyintug the right side of ECquut. tion (4) by Lt
yields

_~ dt dtt (5) - 1:( )
F+ dtIt > t) t ( t7 dt .()

dtOt d l.> )= 1 l't) •d t (6

Now let

I d F

where X(t), called the hazard rate, may be interpreted as (1) the
probability per unit of time that an item will fail in the next
small interval of time if it has not failed before the start of the
interval or (2) the number of items failing per unit of time di,-
vided by the number intact at the beginning of the interval. From
probability theory,

dl" (t)f(t) d= t (8)

where f(t) is the probability density function. Suhstitut:ion of
Equation (8) into Equation (7) yields

f~t
, t f- lt (9)

where R(t) is the probability of nonfailure before time t. Rewr it-
ing Equation (7) gives

dFd- + XF X (10)

11
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Equation (1) is an exact differential. equation and may be solved by
integration. Rewriting Equation (10) yields

dF

A
or

F-1 Ce f(t)dt 2)

Therefore,-fXdt

F(t) 1 + C e (13)

Applying the boundary condition F(O) 0 to Equation (13) yields :
C -1. Equation (13) then becomes

-fX(t)dt
F(t) 1 e (14)

where F(t) is the cumulative distribution function of times to
failure. Now the Monte Carlo method can be used to generate a
stream of random times to failure. Drawing a random number from a
uniform distribution with range 0 to 1 and equating it to F(t) in
Equation (14) yields

X(t)dt

RN = 1 - e (15)

Then the indicated integration is performed, and t is solved for in
terms of the random number RN. This technique can be used to
generate the times for any phenomenon whose hazard rate X(t) can be
determined. The hazard rate can be either a constant or a function
of time. Figure 2 represents the basic relationships indicated in
Equation (15) as applied to a fuselage stringer element.
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IV. SIMULATION LOGIC

The eight blocks in Figure 3 represent the major aspects of
the SAIFE simulation logic. As detailed in the following sections,
whose numbering correlates with the block numerals, each block
contains one or two basi.c ideas in the simulation logic.

1.0 
2 .0

INPUTC FAT TUD EDEVELO MOD

ENERGEERTEFAIGELIFE BECAUSE OFFAIU

LIFES TEST FAILURE

DEFECTS

3.REDUCE FATIGUE

PRODUCTION, SERVICE
OR CORROSION

DEFECTS

STRENGTH
REDUCTION

4.0
REDU&- . 4GTH

BECAU- JF
CRACK GROWTH

PROJECT TIME TO FAILURE

5,0 INSPECT•. ~5.0.)

PERIODIC INSPECT
INSPECTION
OF ELEMENTS

A/C DELETED FROM FLEET

,REPA IR

6.0 -

REPAIR REPAIR
- - ELEMENT TO

ORIGINAL STRENGTH

STEVALUATE

7.0
SPECIAL INSP. &

INCR. INSP. FREQ.

6. SMOO

B. SMOD

DEVELOP MOS
BECAUSE OF SERVICE

EXPERIENCE

Figure 3. Flow Diagram Showing Major Aspects of SAIFE Logic
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information identifies the type of: aircraft, for examnple, B1-747,
the number of aircraft in the fleet; and the expected service lif'o
of the aircraft.
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Figure 4. TIypical Aircraft hiements Used in the SAiIII. Simulaltion~



In many instances, historical information is the only source
:1 of data that is useful for defining operational factors. Of par-

ticular interest are the corrosion occurrence rate, the serviceI damage occurrence rate, and the production defect occurrence rate.
'I'The source of such information is the Mechanical Reliability Report5 (MRR), called the Service Difficulty Report (SDR) after 1972. All
(J.S. air carriers are required by regulation to submit an MRR/SDR
whenever they find and repair a defect. Volume III presents the
MRR/SDR data covering the 10-year period from 1963 through 1973
which was analyzed during the current program for the SAIFE pro-
ject. Information on catastrophic and non-catastrophic accidents
was obtained from the National Transportation Safety Board CNTSBh)
Aircraft Accident Reports.

Since in practice a statistical approach is not used in fa-
tigue life prediction analysis, the actual fatigue life of a struc-
ture of a given design will. usually differ from that analytically
predicted. The probability of the actual fatigue life being
greater or less than that predicted was studied by K.D. Raithby
(Reference 2). The relationship determined by Raithby is illus-
trated in Figure S. The mean and standard deviations of this dis-
tributional relationship are input parameters which enable the
"user of SAIIFE1 to account for improvements in fatigue analysis
techniques. An example of the relationship resulting from improved
analysis techniques is also shown in Figure S.

LIFE OVERESTIMATED LIFE UNDERESTIMATED

LEGEND
> - RAITHBY

---- I....CURRENTS.... / ~ANALYS I S /ll
RANDOM NUMBER SELECTION

(A F ____

S60

Cr •" / 11.'10 FOR CURRENT ANALYSIS
40

~20
RESULTS IN AN R OF
0 IO, 84 FOR THE RAIIHBY ANALYSIS

0.1 1,0 10
R ACTUAL LIFE

KPREDICTED LIFE)

Figure S. Comparison of Predicted and Actual Fatigue Life
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For each clement the MIonte Car1lo Method iS, Used t~o Se ect 11

pred icted l.i fe multip1lier , R. Thle tC tA111 ave ingo fatjigue( 11f i I
then determined from the equit ion

Actual Li fe =Predicted IANF x R (b

The Cx am1pl1e illustrated in FiIIV gor5 shOWS thalt aI ra diiidaom uib cr
select~ion of 0.75 reSultS *i~n a predic~ted lifec mul tip!lier of 0.84'
for thle ''Raithby'' curve aiid L. for thle "'Currenit Ainiilys is'' LcurveC

It is a well-established fact that the fait.!ý,oe I vers of at
group o f niomi nall1y id ent ical elemen101ts a rc rItot deCtercirin 1 tic IC Coll-
sequenti)', they mu1LSt hC deined b prhilIt d it S a o
Fur the r, i t ha s b)en i st o ;tit1 i shod t halt t h1 C 1 r'Oh 1) 1)i s't i L: d i S t I'r
bution. of fat iVuc lives for Llements Oil operat aina.! iirc ri tt I

ftprimarily a func.titon of' two variable', h)a s i c IIIiat t er i a I a t 1 g L,
scatter and operational environment var jat ion1. I nVust lgut i (is
conducted by Ureudenthal (Reference 3) and Abe 1.ki s (ike Coerece 4)
conclude that both of these effects canl he accounted for by aV single distribution. Al though thle exact ma themat ic~al fo rmu i at ionl

of hedistribt onis di1 Fffecnt 1neach ofthle 1,tad i ON , thle uend
results are s imilhr. The SAt II- log~ic uses thle two-p])a rune tor WeL i -
bull distribution developed by Freudentlial . Although not as ac -
curate at the extreme values as thle dIiStlr i but-1 (ion dVelopedC il'
Abe1k is , the two - parameter We ibuli 1 di strni but ion i.s mc or( fe F x lb I
and call be more easily modified to account for an)' chaniges i~n
material. technology.

After thle average fatigue life Of anl cl0e1011t ha,1s been1 do0-
terinined , the fatigue 1life for each cl oment In o-achi aIircraft. Caln he
determined by deriving a probab iIist ic dist rihut i on acco rd ing to
Freudentha1' s technique and then apply ing the Mon te Carlo mlethod to
this distribution to select the desi~red fat igue life. Figore 6
illustrates this procedure.

A unique fatigue .life is determined for each cuiiinciit N a eachl
aircraft as the aircraft is introduced into service. As il ls-

W ~~trated in Figure 6, if a random nlumberi of' (0.750 is; sef(ected, tho
fatigue li Fe of the individual element is., 1.05 t inies- the p~rex' icusly
determined average.

2. Develop Modification Because o aiueTest Cai ueL!ok2)

One of the criteria used In the design of c:ommclirc ial j;t
transports, particularly the wide-body aircraft, is, an averaige
fatigue life for the airframie that would be twice the serviceL
life. This criterion was usedl onl the tC- 10 (Re ferenico 5) aid On
the B-747 (Reference 6). Because of the (Iemonst ratedI inicerta inty,
of fatigue life prediction, fatiglue tests (such as illustrated ini
Figure 7) are routinely conducted onl airframe secti~ons anid comi-
ponents and occasionally on full -scale a irem aft. '[he rusultls )I'
'these tests are used to determi~ne whether thle a i rframe s'horilId he
Modi fied.
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Figure 6. Cumulative Distribution of Fatigue Lives Using a Two-
Parameter Weibull Distribution
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The SAIFH logic simulates the fatigue test by assuming that
the fatigue test failure occurs after a test period equal to the
actual average fatigue life determined in Block I divided by the
fatigue test acceleration factor. If the actual average fatigue
life is less than twice the service life when a fatigue test fail-
ure occurs, a production modification is developed. If the actual
average fatigue life is less than the service life, a retrofit
modification is developed for those aircraft already in service,
and the inspection frequency of the particular element is increased
from the time the element reaches 80% of its actual average fatigue
life to the time that the element is either modified or repaired.
The interval between the time that a fatigue test failure occurs
and the time that the element modification is installed is the lead
time required to design the modification, procure materials and/or
parts, and fabricate the modification. The lead time also includes
the time required to fatigue test the modification, if such testing
has been specified. Whether or not a modification must be so
tested is a decision that is part of the data input required at the
start of the simulation.

If a modification is tested, it is assumed that it will be
redesigne2 and retested until the actual average life is at least
equal to the predicted average life. If the modification is not
tested, then it is assumed that the actual average life will he
subject to the same uncertainties as the original design and,
therefore, must be determined by the same distribution as discussed
above and indicated in Block 1 and Figure 5. Once the actual
average fatigue life is determined, the logic returns to Block I,

where the actual fatigue life of each modified element is deter-
mined as previously discussed.

3. Reduce Fatigue Life Because of Production, Service, or
Corrosion Defects (Block_3)

The previous blocks provide the means of determining the fa-
tiguc life that could be expected of each individual element under
ideal conditions. However, the effect of production defects,
service damage, and corrosion must be accounted for. Since these
factors cannot be realistically duplicated in a laboratory or dur-
ing a controlled experiment, MRR/SDR data was used to construct
their occurrence rates. From this information, the following may
be defined' (1) the rate at which production defects occur, (2)
thLe rate at which service damage occurs, (3) the rate at which
corrosion occurs, (4) the rate at which corrosion grows, (S) the
effect of production defects on fatigue life, and (6) the effect of
service damage on fatigue life.

Figure 8 shows the distribution of fatigue lives for elements
that have been subject to production damage. This figure indicates
that the average fatigue life has been substantially reduced.
Therefore, when it has been determined that an element has been
subject to production damage, the SAIFE logic selects im revised
fatigue life for that individual element by applying the Monte
Carlo method to the distribution shown in Figure 8.

20
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Figure 8. Histogram of Crack Occurrences on Production-Damaged
Elements

Figure 9 is a histogram of time to service damage occurrenceQ
constructed from MRR/SDR data. This figure indicates that service
damage is a uniformly occurring random event independent of air-
"craft service time. The Monte Carlo method is used to generate
time to service damage occurrence from a uniform distribution. The
SAIFE logic treats service damage and the resulting crack ini-
tiation as occurring simultaneously.V 10-
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Figure 9. Histogram of Crack Occurrences on Service-Damaged
Elements
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A study conducted by the Naval Air Engineering Center (Ref-
erence 7) provides the means for determining the effect of corro-
sion defects on fatigue life. This study, which compared the fa.-
tigue lives of wing spars taken from previously operational IIU-10
ai.rcraft with the fatigue lives of newly manufactured spars, con-
cluded that approximately 30% of the fatigue life reduction in the
corroded spars was due to operational usage. In spars with surface
IpLtting and/or light exfoliation, there was no fatigue life reduc-tion due to corrosion; but, in spars with severe exfoliation, the

t'ati-gue life reduction was at least 40%. The study further indi-
cates that severe exfoliation is found almost exclusively in stress

* coicentrations such as those at fastener holes.

lor each of the documented corrosion occurrences in the MRR/
SI)R data, the reported corrosion size was plotted as a function of
the corrosion detection time. A corrosion growth rate was then

;d Jpostulated by constructing a line between the origin and one of the
data points such that parallel growth rate lines passing through

• :cuach of the other data points yield no negative times to corrosion
initiation. This is a somewhat conservative approach in that i.t

-all.ows corrosion to initiate as soon as an aircraft enters service. I
Knowing the growth rate and time of detection, the number of cor-
i.osion occurrences versus time of initiation may be plotted. A
typical cumulative distribution of times to corrosion initiation

:41 is shown in Figure 10. With such a distribution, the Monte Carlo I
method was used to generate a time to corrosion initiation for
-'ach of the structural elements.

The fatigue life reduction of a structural element resulting
from corrosion depends on the state of stress in the corroded area.
The probability that corrosion exists in a stress concentration is
,qual to the ratio of the number of corrosion occurrences found in
.tress concentrations to the total number of corrosion occurrences

i dentified in that structural element type within the fleet. For r
"2ach incident of corrosion, if a random number drawn from a uniform
distribution is less than the appropriate probability of corrosion 4
occurrence in a stress concentration, the corrosion is assumed to
,cour in a stress concentration; otherwise, it is assumed to occur
in a uniform stress field.

4. Reduce Strength Because of Crack or Corrosion Growth/Predict
'ime to Failure (Block 4)

"'he previous blocks provide the means for establishing the
Fatigue life, the time of crack initiation, for each element. In
'Block 4 after the growth of the crack and the growth of possible
corrosion are considered, the resulting strength reduction is
compared with the loads expected on the airframe. The crack
growth rate is determined from specimen and large-component tests
conducted on typical airframe sections. This rate depends on de-
sign, material selection, and load environment. All of these
factors are accounted for by selecting an average growth rate from
a component test that closely resembles the design of the given
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element and then by considering that each individual element falls
within a normal distribution. The validity of this procedure was
proved by Eggwertz (Reference 8).
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Figure 10. Typical Cumulative Distribution of Corrosion Occurrence

The Navy study with wing spars (Reference 7) concluded from
tensile strength tests that the ultimate strength of the spar was
not affected by corrosion. This conclusion is also supportcd by
Jackman's investigation (Reference 9). It may be assumed, there-
fore, that corrosion on commercial transports will always be de-
tected before the ultimate strength is affected. The only in-
stances of structural failure being attributed to corrosion have
occurred on prop or turboprop aircraft that were not protected by
advanced corrosion resistant materials and preventive coatings.

As indicated in the foregoing discussion, the strength reduc-
tion due to fatigue cracking is compared with the load environment
to determine the time of element failure. The load environment is
the sum of gust and maneuver acceleration loads on the wing and
fuselage elements. The flight loads used in SAIFE are based on
2000 flight hours of VGH (airspeed, normal acceleration, altitude)
data recorded on commercial transport aircraft and reported hy NASA
(Reference 10).
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The time to failure of each element is calculated by the
reliability formula, Equation (15), discussed in Section III.4. If
the time to failure is greater than the aircraft service life, the
simulation retires the aircraft from service and returns to Block

II
5. Periodic Inspection of Elements/Aircraft Deleted from Fleet

S(B soqj

This block covers the periodic inspection of a commercial
transport aircraft. It includes four levels of inspection, As
each inspection level is called during the simulation, a decision
on whether or not an existing defect, either crack or corrosion, is
found depends on the probability-of-detection curves in Figures 1i1
and 12 and on a random number selection. The formulation of these,
curves was based on data obtained from a survey of mainteninco
inspectors and on an analysis of actual defects detected in MRR/SDR
data. If a defect is detected, the logic proceeds directly to
M~ock 6; if a defect is not detected, the simulation perfrm
additional scheduled inspections. The detection sequence is re- ,
-eatod at each subsequent inspection until a defect is found, the
o" i.Lcraft is retired from service, or a structural failure occurs.
I f a defect is detected, the logic goes to the repair block; if a
Sstructural failure occurs, the aircraft is deleted from the fleet. I

1.0 "D" LEVEL INSPECTION - OVIRIUdAUI.

Random number~greater than .63,
i':::: ~defect..n.ot detected ::

.7t: • "C" LEVEL INSPECTION - PIiASE"

-4

Random number I "A" LEVEL INSPECTION -PRE-FIIGHT
less than ,63 , 1 .

- defect detected
} ~If existing defect is
I 6.0 inches and

•i= l I inspection is "C" level ,

3 4J 10 11 12 13 14 is•'.

CRACK LENGTH (in.)

Figure 11. Probability of Crack Detection
During a Periodic Inspection
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inspection is "B" level
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Figure 12. Probability of Corrosion Detection During a Periodic
Inspection

6. Repair Element to Original Strength (Block 6)

When a defect is detected, the logic first determines whether
an element modification is pending. If it is, the modification is
installed, and a new fatigue life for that individual element is
determined by applying the Monte Carlo method to the distribution
previously defined in Block 1. The logic in Block 8 determines the
actual average fatigue life of the given element when the decision
is made to modify the element.

If an element modification is not pending, the element is
restored to its original actual average fatigue life, and the
fatigue life of the individual element is determined by applying
the Monte Carlo method. If an element ha,.s multiple defects when
repaired, these defects are also corrected, even if they were not
detected during the original inspection. It is assumed that once
one defect is found, the element will be carefully reinspected and
all other existing defects will be found.

7. Special Inspections, Increase Inspection Frequency (Block 7)

The decision to conduct a special inspection and/or increase
"the periodic inspection frequency for each aircraft in the fleet is
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based on the size of the previously detected defects. If a striic-
tural failure occurs, fail-safe damage occurs, or if an element his
a crack whose propagation would lead to a one-half strength reduc-
tion before the next inspection, then both the special insp~ecti~n]
and the increased periodic inspection frequency are scheduled.
This scheduling is also effected if the sum of the percentages ofi'strength reductions due to defects in all aircraft of the fleet

exceeds 20 percent of the average fleet strength.

I.'•! ~Conducted immediately after i~t is called for, the special.•=

inspection is considered complete when all aircraft in the fleet
Y. !:have been inspected. Also instituted immediately after it is

Scallted for, the increased frequency of inspection remains in effect
untii a modi. fication is required as Ind:icated by service experienice
or fatigue testing. As each aircraft has the modification in-
stalled, the original inspection frequency is resumed on an indi-
vidual basis. 'A

S. Develop Modifications Because of Service Experience
i/j 1 1)

Modifications suggested because of service experience are
initiated only after weighing the one-time cost of modification
;igainst the recurring costs of an increased inspection frequency
and of repairing elements, some repeatedly. SAIF E determines which
of the two costs is less and selects the course of action assoc.-1
ated with the lesser cost.. This comparison is illustrated in
Figure 13.

NO D MOD!

,-COST'•], COST S

~:1

Figure 13. Service Modification Decision Logic
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Additional modifications may also be warranted if a previous
modilfication sustains defects while in service. The logic for an
additional modification is based on the same type of cost compari-
son discussed above. The cost of inspections, repairs, and modi-
fications is based on a study presented at an ATA Maintenance
Conference and documented in Reference 11.

Once the decision has been made to develop a modification, the
logic determines, according to simulation input data, whether the
modification had been fatigue tested before its incorporation in
the fleet. If the modification had been tested, the actual average
fatigue life of the modified element is considered to be equal to
the fatigue life predicted in Block 1 for the original design. If
the modificationi had not been tested, the predicted average 1-atigue
life of the modified element is considered to be equal to the
fatigue life predicted in Block 1 for the original design, and the
actual average fatigue life of the modified element is determined
from Figure 5 similarly as the actual average fatigue life of the
original element was determined.

After the actual average fatigue life of the modified clement
has been det'ermined, each modified element has a fatigue life
assigned when it is installed in an aircraft.

A
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V. PARAMETRIC STUDY
I . Background

thrt AS discussed earlier, the major advantage of a simulation is
that it permits study of the real system without actual modifica-
tiou jopat system theany wayctual many Var systems, major
experimentation involves very high risks. The SAIFE simulation
permits experimentation with an aircraft inspection programwithout jeopardizing the actual fleet. Various inspection pro-

gram parameters can be modified, and the corresponding effect on
aircraft safety observed. While there are many variables by
which aircraft safety can be gauged, structural element failure

rate is the most rciealing.

Ideally, failure rate is calculated directly from observed
failures. Consider n aircraft placed in service with a common
retirement life tet. Assume that r failures are observed with
r < n, and that the observed failure times are tI < t 2  t 3

< ' tr Then the failure rate, X, can be calculated by

X r (17) I
where T, the accumulated service life is

T It~ n-r) tret (8

To run the SAIFI3 program with all of the defined structural
elements in the aircraft requires a great deal of computer time.
Thus, any extensive parametric study will be very costly from a
computer standpoint. An economical alternative is to run samples A
of elements from each of the element types. But, sample runs
normally result in no structural failures appearing in the out-
put. This makes it impossible to calculate failure rate direct-
ly. However, there are statistical reliability techniques by
which the failure rate can be estimated.

2. Estimation Technique

Recall the general expression for the reliability of a
system

R(t) e eA t)dt (19)
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where R(t) = the reliability or probability of survival
of the system through time t

X(t) = the hazard rate, or probability that a failure
will occur in the next instant of time assum-
ing previous survival

For most systems, failure is a reflection of individual part
failure. Known as a serial reliability configuration, it can be
represented as

Rs(t) = I 1 (t) • R2 (t) • .... , Rn(t)

where R (t) = the series (system) reliability

Ri(t) = probability of surviving the ith failuremode through time t

This technique can be applied to a fleet of aircraft to
estimate the aircraft failure rate for the fleet. Consider the
fleet as the system under consideration with each aircraft in the
fleet representing a failure mode. Let Pi be the probability of
survival of the i h aircraft rhrough the time interval of inter-
est. Then the probability, Rs(t) , of there being no structural
failures throughout the fleet is

Rs(t) II P, (20)i--l 1

where R s(t) = fleet (system) reliability

Pi = reliability of ith aircraft

n = number of aircraft in the fleet

Recall that fleet reliability can also be expressed by the gen-
eralized reliability equation

Rs(t) -fX(t)dt (21

If it can be assumed that the hazard rate of our system now
remains constant over a practical interval of time, and that
X(t) = Xs = constant, expected number of random failures per unit
of operating, i.e., the failure rate, then Equation (21) can be
expressed as
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R (t) e•Xst (22)

where Xs. constant element failure rate for the fleet

t total flight hours for the fleet

Equation (22) can then be solved for X.s

'n[Rs(t) 
(

X5 t

That X. is constant is not an unwarranted assumption when
the fleet is considered to be a single complex system with
a constant failure rate regardless of the failure pattern
of individual aircraft. The mixing of part ages when indi-
vidual elements are replaced or repaired causes the fleet
over a period of time to approach a stable state.

Next, the average element failure rate for a given element

type can be formed.

"n
X k= A5  (24)
s in

where Ns average clement failure rate for a given element
type

X failure rate for kth sample element from i given
•Sk element type

in numnber of sample elements from a given element
type

and the element type failure rate is then

X sT r u Xs 231

where Xs element type failure rate

u = number of elements in population for a given
element type
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.The estimated aircraft failure rate for the fleet can uow be
calculated.

w7

A/C failure rate = XsT, (2o)

where x - ement failure rate for jth clemient type

w = ammber of element types in an aircraft

Initial use of the foregoing feature indicated that 'ery long
cracks resulted in Pi values ->. 1.0 and Re (t) .--. 0. When
used in equation (23) this resulted in unrealistical'y high Xs
values. Consequently for the AFS-510 demonstration described
in Book Two of Volume IV, this feature in the program was
changed as described below.

2. Consider the fleet of aircraft a system with constant
failure rato and multiple failure modes. E2ach aircraft in
the fleet represents a failure mode. Then, R(t), the fleet
reliability is

n i
ri = P,

where i probability of surviving the ith failure mode
or non-failure of the ith aircraft

n = number of failure modes or aircraft in the
the fleet

While the failure rate for each failure mode is not constant,
the assumption of constant failure rate for the fleet allows
us to write directly from probability theory the following,

n
R(t) H P. e (28)i':l 1

where X is the constant fleet failure rate. Equation (Z2)
is easily solved for X,

n
Zn[ P P31]

t (29)
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Summing the Pi is not strictly correct since it is
possible that the sum will be greater than one, which vio-
lates the definition of a probability function.

h1owever, if one chooses to call the Pi the probable
number of failures per ith aircraft in the fleet, then
"summing them will yield the probable number of failurms i1i
the fleet for a single SAIFE run. To calculate failure rate,
the accumulated exposure time is required. Simply using the
number of aircraft multiplied by the aircraft retirement life
overestimates the exposure time and underestimates the fail-
ure rate. Direct calculation of failure rate is

, A/C failure rate (30)

where r is the number of failures and T, the accumulated ox-
posuro time, is

,fI,

;::,:': T i l• ti + (n - r) irt (31)

where ti i-t" failure time

n number of aircraft in fleet

trot aircraft. retirement life

'it is easily seen that the error introduced becomes greater
as r increases or the t. decreases but this is small and can
be neglected. I

3, Output

The original standard SAIFE outputs are shown in Tables
1 and 2. To enhance the program's parametric study capability,
these two outputs have been expanded as shown in Tables 3 and 4
Note in Table 3, that for each crack that occurs in a particular
element during the sample run, the aircraft number, the airframe
flight hours, the crack length, and its corresponding I.-P. are
printed. The aircraft number for each corrosion or production
defect that occurs is printed. The estimated element failure
rate, Xs, as calculated by Equation (23) is also printed.

In Table 4, the element summary for a particular element
type, the additional output consists of: the estimated clement
type failure rate, XsT, as calculated by Equation (25), the
sample crack length mean and standard deviation used to define
the log-normal distribution of crack lengths, and the crack
length vs 1-Pi curve fit constants.

,, 3Z
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While the outputs shown in Tables 3 and 4 are adequate f'or
identi fying trends, a thorough analysis of some parametric mod i -
fications or of a particular feature of a particular run may
require a more complete service history of selected elements
and aircraft. This service history is available for every

•'* element in the aircraft and every aircraft in the fleet, it
consists of every structurally significant event that occurs.-
during the simulation. It is so voluminous, however, that this
long list history should be output for only selected aircraft.
nTh aircraft of interest are selected from the standard output,
and the simulation is run a second time for specific elements
wLth the long list option in effect. This means that the two
runs must be identical. That is, the random number gencrators
,must deliver the same sequences of numbers each time. To
avoid having to run all the elements a second time, just to
see a long list of one or two elements, the program permits the
user to input the random number generator seeds for each clement
of interest.

3i
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TABLE 3. EXPANDED SAIFE OUTPUT FOR AN INDIVIDUAL ELEMENT

[
AIRCRAFT TYPfEI HYBRID

,NUMER OF AIRCRAFT IN FLFIII S00 AINCRAFT SERVICE LIFFI 60000 HOUR%

SIRUCTUMAL ELLMENTt FU0-MFO-BOT-I020

PREDICTED AVERAGE fAIIOUG LlItt 197S60 HOURS ACTUAL AVIRAlE FATIGUE LIFEI 2MI01q HOU"5

FATIGCti ?[ST LIFEI 343036 HOuW,

(kUUINB AND TIME TO INITIATION OF AIRCRAFT DEFECTS

FIRST CRACK CORROSION RVICE DAMAGE PRODUCTION D)FECTS

OCc'IRRFNCCS 3 0 0 0

I1NIHSA 14173 0 0.N: A0IIAS 0047? 0 0...

AV,,HPt) 4 .7 07 0 0

uNmJRAE AND LENGTH OF CRACKS DETECTED AT FACH LEVEL OF INSPECTIO4

SA-LLEVOL R-LFVOL C-LIVEL 0-LEVEL %FCI*I

OCLUORFNC•O
MIN(IM)T 11.39 0. 0. 0

4 MAxIIN) 11.39 0. 0. 0. 0.

A V kI I N01.39 0.0..

" NUMEa AND AITA OF CORROSION DEFECTS DETECTED At EAC" LEVEL 0; INSPECTION

A-LCVEL R-LEVEL C-LEVEL O-LE9EL SPECIAL

OcCRHFT'F," 0.... 0 0

"0MIN(SCIN) 0. 0. 0, 0. 0.

'AOISO.IN) 00 0. 0.

AVGISO.INT 0. 0. 0. 0"

INSPECTION INTERVLS(HHSI 
MOD NO SAMPLINT TIME

INITIAL ?5 200 1000 2000 0 P4

2 05 200 0ll 3000 0 17 2600
3 !5 200 1266 4500 0 12 0600

25 200 126A 6750 0 4 10100
2S 05 1602 IO D 7 16650

952010 26975'~ S 200•O 1802 Ib is& 0•26 7

"5 200 2253 10984 0 7 42163

425 002816 123730 0 A 650109 25 200 3520 29663 0 9 Ah665

CRACK LENGTHS AND CORRESPONDING CUMULATIVE PROBABILITY OF FAILURE

AIRCRAFT No. FKLN LY. WHIRS CRK.Lal. PROM. OF FAILURE
2, 8 1 b0 00 0 " S 3 4,2 r- 0 •

""J?l 55253 11.30 2.6t-06

477 60000 .12 1.3F-OA
'•1 ~ ~~~~~NUMBER OF STUTA ODFATNSNHBRFSPECIAL INSECTIZONS CONDUCTEDI 0

NueRoF STRUCTURAL ROD1F1CAT1IONSI 0
FINAL ACTUAL AVFAAGE MODIF1FD FATIGUE LIFEt 2SI034 HOUWA

NUM61ER OF AIRCRAFT MODIFIFD IN SERVICEr

ESTIMAIED ELEMENT FAILUDE PATEl IIRSIDUAL STRENGIH FOLALS FAIL-SAFE STRENGTH
STRU CTURAL FAILURES AIRCRAFT 40.AFLY. HMIS

AIRCRAFT NO. FLI. HOURS F... ----

I.
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'TABLE 4. EXPANDED SAIFE OUTPUT FOR AN ELEMENT TYPE

AIRCRAFT TrPEl HYRRID

NUMBER OF AIRCRAFT IN FLEETs S00 AIMCRAFT SERVICE LIFEI hOV00 HnIJRS

Su"MAHV O1 STRUCTURAL CLIMIMYB PUS-MPQA-AOT

NUMBER AND TIME TO INITIATION OF AIRCRAFT DEFECTS

FIRST CRAC? COOROSION SERVICE CARAfE PRODUCTInN DFFECiS

OCLURrENCES 7 0 0 0
"" HINIHRSI 1'A73 0 0....

SIiN•RER ANM LENGTH OF CRACKS DETECTED AT EACH LEVEL OF INSPECTION

V A-LEVLL ft-LEVEL C-LEVEL 0-LEVEL %PECIAL

OCCUIRENCES 1 0 0 0 0
MAA INiIfl 11*3q 0* B: 0: 1:i.•,
MINLINI 11.39 0. 0. 0. A, "

A 1.

NUMBER AND AREA 0 CORROSION OeFECt$ DETECTED AT EACH LEVEL OF INSPECTION

A-LEVEL B-LEVEL C-LEVEL 0-LEVEL sPrrJAL

0CCUINREE V 0: 0:V

INSI'ECTION INTERVALSIHMSI
INItIAL is 200 1000 2000
S SHORTEST as 200 1010 2000

LONGE31 25 P00 3S20 29663

NUMBER OF SPECIAL INSPECTIONS CONDUCTE9 a

NUMOER OF ST&UCTURAL MODIFICATIOMSI v
NUImtic OF AIRCRAFT MODIFIED IN SERVICE: 0
ESTIM4ATED ELEMENT TTPE FAILURE MAUEI J.4ZE-l2/HP, SAMPLE CRK. LOT. MEAN(INI 2.37 SAMPLE Silb. 0EV. 1.0
CRK. LOT. VS PROBARILITY CURVE FIT CONSTI A - 0. f * -. 0000

STRUCTURAL FAILURES RESIDUAL STRENGTH FOUALS FAIL-SAFE STRENGTN
AIRCRAFT NO. FL?, HOURS STA. NO. AIRCRAFT NO. FLt, HOURS T7A. NO.S............ .......... ........ ............ .......... ........ t

35.
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VI. SUMMARY AND CONCLUSIONS

(1) Although the SAIFE simulation logic for evaluating pro-
posed inspection programs is very complex, it can mindL-
cato the number, extent, flight time, and criticality
of the defects that would occur in a given inspection
program.

(2) Except for limited data on wide-body aircraft, data do-
tailing the service years and flight hours of the U.S.
commercial transport fleet is currently available to only
the air carriers or the airframe manufacturers.

(3) SAIFE is a flexible program that can be used to evaluate
the inspection requirements for an entire aircraft, a
large segment of an aircraft, or a single element.

(4) The information available on MRR/SDR's is useful for
evaluating the rate of occurrence of production defects,
service damage, and corrosion. However, the quantitative
engineering type of data required for an in-depth analy-
sis of these parameters is currently lacking.

(5) Because of the flexibility provided by the input param-
eters, SAIFE can be used to evaluate inspection programs
on both fail-safe and safe-life design aircraft.

,'
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